The origin of the martian methane is still poorly understood. A plausible explanation is that methane could have been produced either by hydrothermal in chabazite and clinoptilolite is directly sourced from an abiotic source in the subsurface, the destabilization of a localized layer of a few millimeters per year may be sufficient to explain the current observations. The sporadic release of methane from these zeolites requires that they also remained isolated from the atmosphere during its evolution. The methane release over the ages could be due to several mechanisms such as impacts, seismic activity or erosion. If the methane outgassing from excavated chabazite and/or clinoptilolite prevails on Mars, then the presence of these zeolites around Gale Crater could explain the variation of methane level observed by Mars Science Laboratory.
Introduction
The origin of the martian methane (CH 4 ppbv was evidenced during a timespan of ∼6 months (see Table 1 In Sec. 2, we explain why chabazite, analcime and clinoptilolite are good candidates to account for the widespread occurrence of zeolites on Mars. We also provide an estimate of the amount of zeolites potentially existing on the planet. Sec. 3 is dedicated to the description of the adsorption properties of chabazite, analcime and clinoptilolite. The amount of methane potentially trapped in these zeolites in martian conditions is estimated in Sec. 4. Sec.
5 is devoted to discussion.
Zeolites on Mars
Zeolites have been first detected by Ruff (2004) 
Adsorption properties of zeolites
In this Section, the adsorption selectivity of CH 4 with respect to CO 2 is investigated on chabazite, analcime and clinoptilolite.
Chabazite
The The chabazite zeolite gets specific adsorption properties for various molecules having a size smaller than the 8-ring apertures, which gives them access to the ellipsoidal cages. Owing to the presence of compensation alkali cations, the chabazite is a hydrophilic material. Its adsorption capacity of water is around 0.2 cm 3 /g at 257 K (Jänchen et al. 2006 ). This zeolite is also able to adsorb CO 2 and CH 4 , two molecules of interest for the martian atmosphere. As would expected, owing to the presence of a quadripolar moment in the carbon dioxide molecule, the chabazite adsorbs more CO 2 than CH 4 . In spite of this, the amount of methane adsorbed is not insignificant at 300 K and even better at lower temperature. It can reach ∼2 mol/kg against more than 6 mol/kg in the case of CO 2 . This result suggests that the chabazite will selectively adsorb methane and carbon dioxide, with an adsorption in favor of the latter molecule. The adsorption selectivity of methane with respect to carbon dioxide is defined by the relation:
where x i and y i are the mole fractions of component i in the adsorbed phase and in the gas phase at equilibrium, respectively. α CH 4 /CO 2 can be predicted from the adsorption isotherms of single components by means of the ideal adsorbed solution theory (IAS theory; Myers and Prausnitz. 1965 ). When the gas pressure converges towards zero, each single adsorption isotherm exhibits a linear part (see Fig. 2 ), which corresponds to the Henry's law region. In this domain, the adsorbed amount of each single component i is proportional to the gas pressure: N a i = K H,i P . By applying the IAS theory to the Henry's law region, this allows us to derive the adsorption selectivity from the ratio between the Henry constants:
The ratio of the adsorbed amounts of CH 4 and CO 2 can then be related to the ratio of their partial pressures at equilibrium via the relation:
Henry constants determined from experimental adsorption isotherms at 300 K are given in Table 1 with the corresponding selectivities. With the values of the adsorption enthalpies found in the literature, the Henry constants can be estimated at any temperature relevant to Mars' conditions by using the van't Hoff relation:
Once the values of K H,i have been determined for CH 4 and CO 2 at given temperature, it is possible to derive the corresponding adsorption selectivity from Eq. 2.
Analcime
The A respectively, these two molecules cannot be adsorbed in analcime. Only water can be adsorbed in analcime, due to its smaller diameter (∼2.6Å).
Clinoptilolite
The common chemical formula of clinoptilolite is [
where M is a compensation cation easily exchangeable which can be Na, K, Ca, Sr, Ba and Mg according to the source of minerals (Sand et al. 1978 ).
Clinoptilolite has the same framework structure as heulandite. However it presents a better thermal stability. The porosity is composed of three sets of intersecting channels, all in the same plane ( Fig. 1 Fig. 2 given at 300 K), this enables us to investigate the amount of CH 4 that would be potentially trapped in Martian chabazite or clinoptilolite in contact with an older martian atmosphere at various temperatures, assuming that the methane abundance was higher than today's value at that time.
The adsorption selectivity of methane with respect to carbon dioxide α CH 4 /CO 2 represents the ratio of the CH 4 abundance in chabazite or clinoptilolite to its abundance in the coexisting gas phase at low pressure range.
The evolution of α CH 4 /CO 2 as a function of temperature is illustrated by In order to quantitatively test the link between the current time presence of CH 4 in the atmosphere and the possible destabilization of zeolites, we can estimate the total GEL of zeolites that must be destabilized each second, assuming an initial quantity of trapped CH 4 . In the following, we make the assumption that chabazite or analcime are the dominant zeolites on Mars. If, instead, analcime is the dominant form, then this material cannot be at the origin of the atmospheric CH 4 , due to the small size of its porous network.
Two case studies can be envisaged. In the first case, we assume that CH 4 is trapped in chabazite or clinoptilolite in contact with an ancient martian atmosphere at a surface pressure and temperature of 0.6 kPa and 150 K, respectively. Matching the upper MSL value at 150 K requires a CH 4 /CO 2 ratio of 3 × 10 −4 and 3 × 10 −6 in the gas phase released by chabazite and clinoptilolite, respectively. These ratios correspond to amounts of trapped CH 4 of ∼10 −2 mol kg −1 in chabazite and ∼10 −6 mol kg −1 in clinoptilolite (see 
